Abstract Accuracy of numerical models based in finite elements (FE), extensively used for simulation of cutting processes, depends strongly on the identification of proper material parameters. Experimental identification of the constitutive law parameters for simulation of cutting processes involves unsolved problems such as the complex testing techniques or the difficulty to reproduce the stress triaxiality state during cutting. This work proposes a methodology for the inverse identification of the material parameters from cutting test. Two hybrid approaches are compared. One of them based on FE and artificial neural networks (ANN). The other one based on FE and local polynomial regression (LPR). Firstly, a FE model is validated with experimental data. Then, ANN and LPR are trained with FE simulations. Finally, the estimated ANN and LPR models are used for the inverse identification of material parameters. This identification is solved as an optimization problem. The FE/LPR approach shows good performance, outperforming the FE/ANN approach.
Manufacturing processes should ensure not only competitive time and cost production, but also the development of components with high quality, especially in the case of high responsibility applications. Simulation tools are widely used in all steps of product design, not only for structural calculations, also for processing route design, being this step related with final service behaviour of the component. Numerical models based on finite elements (FE) have been extensively used for machining simulation [1, 2] , however many aspects related with numerical simulations remain unsolved.
The identification of material parameters for cutting simulation, strongly influent in the numerical results, is an objective that should be achieved. Many problems remain unsolved when a representative constitutive law should be stated. Firstly, the inexistence of experimental tests able to reproduce the special conditions involved during cutting. Current characterization tests induce stress states in the specimen quite different from those obtained during machining. Another problem is performing typical tests at high strain rates (for instance using metallic sheets in tensile tests) for the same material treatment and the same format as used in machining tests (as an example, bars in turning operations). The work path suffered in different manufacture process leads to different mechanical properties. Different works in scientific literature show reasonable doubts related with the convenience of applying constitutive equation parameters obtained in traditional test to simulate cutting processes. The best solution could be using machining tests to identify the constitutive equation parameters [3] .
Artificial neural networks (ANN) and local polynomial regression (LPR) techniques could help in the identification of constitutive law parameters for specific machining conditions. These nonparametric techniques require no assumptions about the form of the relationship between a set of variables.
Hence, they are particularly useful when little information about the model structure is available.
ANN have been extensively used in a wide variety of applications related with manufacturing processes (see for instance [4] [5] [6] ).
On the other hand LPR techniques [7] have not been commonly used for the analysis of manufacturing processes. These statistical tool provide similar characteristics and requirements as ANN to threat complex relationships, with little information about the interdependence of the input and output variables, however their use has been limited to other fields.
Despite of the potentiality of ANN and LPR models, the main drawback of these techniques is the requirement of a large amount of data for training process. In our context, it is really difficult to have a large amount of experimental data. The variety of materials that should be involved to reproduce a wide range of variation of constitutive parameters would be extremely high. Furthermore, it is not possible to control the constitutive parameters of the materials tested. Thus, the use of validated FE models is an alternative way to generate numerical data to find the best ANN and LPR models.
The hybrid FE/ANN approach has been used in different analysis of manufacturing processes and other fields. For instance, Umbrello et al. [8] used this combined method to predict machining induced residual stresses during hard turning; and Chamekh et al. [9] proposed a hybrid procedure for the identification of HILL anisotropic parameters based on deep drawing of a cylindrical cup. Fernández-Fdz and Zaera [10] used the combined approach to predict the penetration behaviour of ceramic targets under the impact of different projectiles.
In this work, we propose a hybrid procedure for the inverse identification of material parameters from cutting tests. The aim is obtaining constitutive equation parameters suitable to be implemented in FE codes for accurate simulation of cutting. Two approaches, one based FE/ ANN and the other one based on FE/LPR are compared in order to find the best hybrid procedure. These approaches are based on the following variables: (1) the forces and the friction coefficient at the interface, measured/estimated during cutting tests. (2) The machining induced residual stresses, measured on the machined surface. These variables
